Conclusions-Indirectly measured portal pressure is an independent predictor of survival in patients with both alcoholic and non-alcoholic cirrhosis. In patients with a previous variceal bleeding episode this predictive value seems to be better if the measurement is taken within the first two weeks from the bleeding episode. A greater use of this technique is recommended for the prognostic assessment and management of patients with chronic liver disease. (Gut 1999;44:264-269) 
The classification of Child and Turcotte 1 or its modification by Pugh 2 is currently the most commonly used prognostic test for assessment of survival in cirrhotic patients. These classifications are based on clinical and biochemical criteria and carry a sensitivity and specificity of approximately 80% when used in prognostic score modelling. 3 However, in recent years greater accuracy of assessment of prognosis has become necessary with the increasing use of liver transplantation. The quantitative liver function tests have been evaluated by many studies but these tend to be complicated to perform, and have not conclusively been proved to be better than the ChildPugh classification. 4 Thus other accurate and simple prognostic markers are required.
Portal pressure has been shown to be closely correlated with the severity of cirrhosis, as assessed by liver biopsy 5 6 or by the Child-Pugh classification. 7 Thus conceptually one would imagine portal pressures to be predictive of survival. We have recently reviewed the trials and studies with respect to portal pressure and prognosis, and concluded that the evidence available suggested reasonable predictive value, 8 although in routine clinical practice, portal pressure measurements are not used to aid outcome prediction. It was clear however that these studies are heterogeneous, particularly with respect to timing of wedge pressure measurement in relation to bleeding.
This study was therefore performed in order to examine the clinical value of indirect portal pressure measurement with respect to four principal issues: (1) Does portal pressure predict death and bleeding? (2) Is this true for all aetiologies of cirrhosis? (3) Is there an ideal time to perform this measurement, in relation to a bleeding episode (as most assessments of portal pressure are currently taken in patients who have bled)? (4) In the same way that there is a threshold value for bleeding, is there also a threshold value for mortality, which therefore identifies a higher risk group?
Patients and methods

STUDY POPULATION
A series of 170 patients with cirrhosis were investigated. These patients consecutively underwent hepatic venography and pressure measurement at the Royal Free Hospital from March 1988 until December 1995. A total of 65 patients was excluded from the final analysis for the following reasons: absence of varices at the time of hepatic venous pressure measurement (16 patients); previous surgery for variceal bleeding (five patients); measurements were taken in order to examine TIPS (transjugular intrahepatic portosystemic shunt) patency (14 patients); non-cirrhotic portal hypertension (eight patients), and incomplete data on survival or incomplete medical records (22 patients). Thus 105 patients (68 men, 37 women) who had had a portal hypertensive related bleed were finally included in the study, with the diagnosis of cirrhosis confirmed by clinical, biochemical, or histological means. Median age was 51 years (range 21-79) and the principal cause of cirrhosis was alcoholic (n=68, 64.8%). The distribution according to the Child-Pugh classification was: A, 28 (26.7%); B, 41 (39.0%); and C, 36 (34.3%). Prior to admission 36 patients were already on long term medical (n=11) or endoscopic (sclerotherapy or ligation, n=25) treatment for the prevention of rebleeding following a previous bleed. Only one patient was on blocker primary prophylaxis.
Emergency endoscopic treatment (sclerotherapy or banding) was used in 54 of the 105 patients admitted with acute variceal haemorrhage; the remaining 51 were managed by medical treatment (fluid resuscitation, and/or vasoactive drugs, and/or balloon tamponade). Sixty six of the 105 patients admitted with bleeding commenced blocker therapy. Sclerotherapy and surgery were used when this initial approach had failed, or when there were contraindications to the use of drugs. Table 1 presents the detailed clinical and biochemical data of the patients.
HEPATIC VEIN CATHETERISATION
The measurement of portal pressure was done within a median of 11 days (range 0-372) from the acute bleeding episode. All patients at the time of measurement were haemodynamically stable, not septic, and not bleeding. One patient was catheterised on the day of admission following a non-significant variceal bleed. Thirty five patients had wedge pressures measured more than two weeks following their bleed. This was principally for logistical reasons-patients were fit enough to be discharged before the measurement could be performed, and therefore secondary preventative therapy was commenced before a baseline hepatic venous pressure gradient (HVPG) was measured. For those patients on drug therapy for the prevention of rebleeding, medication was continued on the day of HVPG measurement (17/31).
The hepatic vein catheterisation was performed in the supine position under local anaesthesia following a six hour fast. A 7 Fr balloon catheter was inserted into the right femoral vein though an 8 Fr introducer set (Cordis Corp., Miami, Florida, USA). This torque controlled catheter was directed into the hepatic vein under fluoroscopic control and pressure measurements were taken in the wedged (WHVP) and free (FHVP) position by inflating and deflating the balloon in the tip of the catheter. Measurements were taken three times and the HVPG was calculated as the mean of the three pressure gradients-the difference between WHVP and FHVP.
VARIABLES EVALUATED
Sixteen variables (11 qualitative and five quantitative) collected at the time of the portal pressure measurement were examined. The qualitative variables were: sex, aetiology of cirrhosis (alcoholic or non-alcoholic), information about previous variceal bleeding episodes and current long term treatment for the prevention of first bleeding or rebleeding, source of the acute bleeding, size of varices and presence of portal gastropathy or gastric varices, type of treatment of the acute bleeding episode immediately prior to the measurement, degree of portosystemic encephalopathy, and the degree of ascites. The quantitative variables were age, bilirubin, albumin, prothrombin time, and HVPG.
STATISTICAL ANALYSIS
The relation between HVPG and the previous bleeding episodes, size of oesophageal varices (according to the NIEC classification 9 ) and the presence of gastric varices or portal gastropathy were studied using Wilcoxon or Kruskal-Wallis tests, where appropriate.
Time to first or next bleeding and time to death were analysed from the date of entry to the study using Kaplan-Meier methods. DiVerences between survival curves using two HVPG values were analysed using the log rank test-17 mm Hg (our median value) and 16 mm Hg, a value previously suggested to provide prognostic significance. 10 Time of entry to the study was at the time of the HVPG measurement, and the clinical and biochemical values were established at this point. Univariate and multivariate relations between survival or rebleeding and variables of interest were examined using Cox proportional hazards models. Patients were included in the risk set from the time of entry to the study. For progression to rebleeding, patient follow up was right censored at the time of death if they had not bled. For all analyses, follow up was additionally right censored at the end of the study period. All variables were initially tested for significance in univariate models. Those which were univariately associated with either rebleeding or survival at a level of p<0.1 were entered into a multivariate model using a stepwise procedure in PROC PREG in SAS (SAS Institute Inc., Cory, North Carolina, USA).
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Results
At the time of inclusion the median value of HVPG was 17 mm Hg (range 7-44). The median values of WHVP and FHVP were 23 mm Hg (range 10-52) and 7 mm Hg (0-21) respectively. Height of HVPG was found to correlate significantly with the severity of cirrhosis as assessed by the Child-Pugh classification (p=0.005, fig 1) . In contrast HVPG did not correlate with either the size of oesophageal varices or the presence of portal gastropathy or gastric varices. This lack of relation persisted when patients who had previous sclerotherapy were excluded.
HVPG was not significantly diVerent in patients who had previously bled from oesophageal varices (median 17 mm Hg, range 7-44) and those who had bled from other sites (median19 mm Hg, range 12-26; p=0.34). Eight patients had HVPG levels less than 12 mm Hg (three alcoholics, three with primary biliary cirrhosis, and two with cryptogenic cirrhosis). Only one of the alcoholic patients who had bled from varices with an HVPG less than 12 mm Hg had their wedge pressure measurement performed greater than two weeks following their bleed (not on blockers). In the remaining two alcoholic patients, portal vein thrombosis was specifically excluded.
FACTORS PREDICTING DEATH
Death occurred in 33 patients (31.4%) during the follow up period (median 566 days, range 10-2555). Death was related to bleeding in 21 patients, of whom 10 died within six weeks. Liver failure accounted for 11 deaths. Only one patient in this series died of a non-liver related cause (bladder carcinoma). Six patients were transplanted during this time period, and were censored at this time point. Univariate analysis showed that factors associated with lower probability of survival were: alcoholic cirrhosis, previous long term endoscopic treatment, high bilirubin, presence of portal hypertensive gastropathy, high prothrombin, low albumin, presence of ascites, encephalopathy, and high values of HVPG (table 2) . Of these, only HVPG (p=0.01), previous long term endoscopic treatment (p=0.002), prothrombin time (p=0.0004), bilirubin (p=0.04), and ascites (p=0.0001) were found to have independent prognostic value in the multivariate analysis. Table 3 presents the statistical parameters. If patients from the study who had previously bled were excluded, the trend of HVPG to predict survival did not reach significance (p=0.09). It is likely that this is a type 2 error as a consequence of removing over a third of the patients.
Of the 105 patients with a previous variceal bleeding episode, 22 patients (21%) had the HVPG measurement within the first week and 48 patients (45.7%) within the second week of bleeding. In the remaining 35 patients (33.3%) the catheterisation was performed after the sixteenth day following the haemorrhage. Dividing the patients into these three groups, the predictive value of the HVPG was found to be much higher if the measurement was taken within the first (p=0.03) or the second (p=0.001) week following the haemorrhage than that taken later (p=0.92). If patients on medical therapy were removed from the group who had their HVPG measurement after two weeks (as these patients may have a pharmacologically reduced portal pressure), the predictive value of the wedge pressure was still not significant (relative hazard=1.11, p=0.26).
During the observation period, 23 of the 58 patients (39.7%) who had a gradient greater or equal to the median value of 17 mm Hg died. The corresponding number for the 47 patients with HVPG less than 17 mm Hg was 10 (21.3%). There was a significant diVerence in the cumulative probability of survival between these two groups (p=0.05). Dividing the patients at the level of 16 mm Hg, the cumulative probability of death was found to be significantly higher in the 59 patients with an HVPG equal or greater than 16 mm Hg, of whom 24 died during follow up (p=0.02, fig 2) .
FACTORS PREDICTING HAEMORRHAGE
During the observation period, 54 patients experienced at least one episode of further upper gastrointestinal bleeding. Causes of bleeding were oesophageal varices in 49 patients, gastric varices in three, portal hypertensive gastropathy in one, and duodenal erosions in one. Fourteen of these patients subsequently had a radiological or surgical portosystemic shunt.
According to univariate analysis (table 4) , previous long term endoscopic treatment, The presence of previous endoscopic therapy in both multivariate analyses as a significant factor was analysed further. Patients who had bled before were grouped together, and their treatment modality was excluded from the univariate analysis. Perhaps surprisingly, previous bleeding was not identified as a significant factor in the subsequent univariate analysis, while the multivariate analysis identified the same significant factors-prothrombin time, bilirubin, ascites, and HVPG, with respect to survival; and prothrombin time with respect to rebleeding. Thus the presence of previous endoscopic therapy as a significant factor reflected previous bleeding, but was also likely to reflect treatment allocation bias. Patients who were intolerant of blockers (because of cardiopulmonary disease) and who had already failed pharmacotherapy were allocated to sclerotherapy, and thus had a greater risk of rebleeding and death at entry to the study.
Discussion
The results of this study suggest that the single measurement of portal pressure as estimated by hepatic vein catheterisation provides useful prognostic information in cirrhotic patients, in addition to that obtained from conventional investigation. In our particular group of patients (all of whom had experienced variceal bleeding), HVPG measurement was an independently associated variable with death if performed within two weeks of a variceal bleed. In addition, previous long term endoscopic treatment, bilirubin, prothrombin time, and ascites were also found to be significant and independent determinants of survival.
Our study diVers from those published previously in a number of ways. Our patient group was heterogeneous in terms of aetiology, and was not confined to alcoholic cirrhosis. In this respect, recent data suggest that HVPG measurement reliably reflects portal pressure in posthepatitic cirrhosis, 12 13 as well as alcoholic liver disease. There does however remain concern that in diseases with a presinusoidal element to their portal hypertension (for example, primary biliary cirrhosis, primary sclerosing cholangitis), HVPG measurement may underestimate the true portal pressure. Nonetheless, in this multivariate analysis, there was no diVerence in the predictive value in patients with an alcoholic compared with a non-alcoholic aetiology.
In addition, this study examined the role of a single HVPG measurement, in contrast to the study of VorobioV et al, 14 which recently showed the prognostic value of sequential HVPG measurement in 30 patients with alcoholic cirrhosis. HVPG measurement at 10 months was shown to have the best prognostic and independent value in predicting survival and bleeding along with variceal size, the latter being predictive at baseline and follow up. While no "threshold" pressure value was proposed, cumulative probability of survival was significantly higher for patients in whom the HVPG decreased by at least 15% at the first follow up. In this study of patients with alcoholic cirrhosis, HVPG reduction predominantly reflected abstinence, concomitantly associated with clinical and endoscopic improvement. However, in routine clinical practice, it is not practical to perform sequential wedge pressure measurements on patients outside of specialist centres, particularly if they have not bled. There is therefore a need for a "single shot" assessment of prognosis. For this to be eVective, one needs threshold indices, which signify a worse prognosis, and which ultimately identify patients in whom one may intervene at an earlier stage with transplantation, in the same way that there is a proposed threshold for variceal bleeding. A priori, we chose to examine our median value (17 mm Hg) and the threshold value of 16 mm Hg, proposed by Merkel et al in 1992. 10 His group followed up 129 cirrhotics, most of them alcoholic (71%) for a median period of 45 months and showed that the cumulative probability of survival was significantly higher in patients with an HVPG lower than 16 mm Hg. Furthermore, Cox's regression analysis showed that previous variceal bleeding, Pugh score, indocyanine green clearance, and HVPG were all significant independent predictors of survival. Further evidence that there may be a "threshold" value comes from the data of Gluud et al, 15 who found that HVPG values greater than 15 mm Hg were associated with a significantly increased probability of death. A publication in abstract by Barret and colleagues 16 examined their median HVPG of 17.5 mm Hg in 101 patients who had not bled, and also found it to be predictive of survival. Our study identified an HVPG of 16 mm Hg as an index for survival, confirming the data from these previous studies.
The timing of the HVPG measurement to provide the best prognostic value remains uncertain. We found that HVPG measurement greater than two weeks after a bleed was not predictive of death. Villanueva et al found the HVPG measurement at three months, in a group that had bled, to be the best independent predictor of mortality, along with Pugh's score and rebleeding. 17 As in the study by VorobioV et al, 14 this may reflect cessation of alcohol misuse, and as such may be an abstinence indicator, while a measurement taken soon after the index bleeding episode may reflect the outcome, independent of abstinence. The confounding eVect of drug therapy cannot be ignored however, and 50% of the patients in the Villaneuva study were on blockers. It would thus seem prudent to document clearly which patients become abstinent during follow up. This issue of timing of wedge pressures remains an area of controversy, highlighted in 1986 by Vinel et al, 18 who measured portal pressure 48 hours following a variceal bleed. Owing to the high mortality in their patients, they observed that any delay between occurrence of a bleeding episode and portal pressure measurement appears to select a sample of survivors with a significantly lower mean level of portal pressure than in those measured early. Indeed, the initial portal pressure measurement immediately following a variceal bleed may be a sum of very diVerent factors when compared with a measurement taken some months later. This issue will only be resolved by further studies.
DiVerent studies on the relation between height of portal pressure and risk of bleeding have arrived at opposite conclusions. 10 14 19 20 The present study failed to confirm a significant association between portal pressure and bleeding. While this seems intuitively surprising-one would expect patients with high portal pressure to bleed more-this result confirms the study by Lebrec et al, 19 who concluded that the height of portal pressure is not related to the risk of bleeding, as no diVerence was noted in the HVPG values between the patients who bled and those who remained free of bleeding during a follow up period of one year. Our study did not however examine the value of repeat portal pressure measurements. Thus patients who rebled may have developed a much higher HVPG than their baseline value, as a consequence of disease progression.
No correlation was also found in the present study between HVPG and size of varices. However, it has been suggested that variceal wall tension is the major factor which will predict variceal rupture. 21 Wall tension is a combination of pressure and size of varices, so in the context of bleeding large varices may bleed at lower pressures.
Our study is not without drawbacks. The analysis is retrospective, though the patients were a consecutive series. In addition, the patient group was not homogeneous in that some had bled before the index bleed. When this group was excluded, HVPG measurement no longer predicted survival, although this is probably a consequence of insuYcient events for meaningful analysis, particularly as relative hazards were unchanged. Furthermore, the variation in the timing of HVPG measurement was wide, and ideally one would wish to perform a number of pressure studies on each patient over a period of time, in order to define better the relation between portal pressure and survival.
Despite these drawbacks, we have shown that indirect measurement of portal pressure may predict survival in cirrhosis, irrespective of disease aetiology. Furthermore, we have provided further evidence that 16 mm Hg may be a threshold portal pressure for survival. One should now consider using HVPG measurement routinely in the initial investigation of cirrhotic patients, particularly as it may be performed on an outpatient basis at the time of transjugular biopsy and hepatic venous portography. Further studies should address the issue of the best timing of this measurement, and verify its prognostic utility in non-bleeders.
